
KOREAN INTELLECTUAL PROPERTY OFFICE 



KOREAN PATENT ABSTRACTS 

(1 1 )Publication number: 1 0200000361 79 A 

(43)Date of publication of application: 26.06.2000 



(21) Application number: 1019997002233 (71 Applicant: RAYTHEON Tl SYSTEMS, INC. 

(22) Date of filing: 16.03.1999 (72)lnventor: GILLILAND, PAUL, C. 
(30)Priority: 16.09.1996 US 96 26191 VESPa' ANTHONY ,f ^ NK, M * 

VOLPI.JOHN, P. 

(5i)mt. ci H01Q 23/00 

H01Q 21/00 



(54) ANTENNA SYSTEM FOR ENHANCING THE COVERAGE AREA, RANGE AND RELIABILITY OF WIRELESS BASE STATIONS 



(57) Abstract: 

PURPOSE: An antenna system for enhancing the coverage area, range 
and reliability of wireless base stations is provided to reduce the 
expense and decrease the volume by simplifying the architecture of the 
antenna. 
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CONSTITUTION: An active antenna system which has a plurality of 
antenna elements arranged in a column with each element or sub 
array of elements integrated with an amplifier and other beam forming 
components. A separate amplifier and filter are disposed immediately 
adjacent and connected to each of the antenna elements or a sub 
array of antenna elements and a separate combiner/divider is 
connected to each of the amplifiers. The antenna elements, amplifier and filter are disposed on a common support. A base 
station is connected by the feed cables and is remote from each amplifier. A first group of the antenna elements with low 
power amplifiers forms a transmitting antenna system and/or a second group of the active antenna elements with low noise 
amplifiers forms a receiving antenna system. A variable attenuator and a variable phase shift circuit can be integrated with 
each amplifier and can be used for beam shaping and electronic beam pointing. For diversity combining, spatially separated 
or polarization diverse active antennas are used. For polarization diverse active antennas, implementation involves a shared 
column or two colocated orthogonally polarized columns. 
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oiEflM- A|^gjg S^2| elE||L.l ^2±£[, ^7| ohEim T^S.^ ^°ll u ^ H H*IS! S£ #^?l ^ °^ 
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01 SHMm a| l (antenna system)o)| 3& 5J°S. o|# §aj A|^g)( mob i| e communications systems) 

o{\M 7|x|^(base station)^ £M ^-s(primarily) Ajg*p| oj-eji A|A.g)o|| afsj- 5o|cK 



0| ° *4« A l_-^ e 7|*l*« SfhSW, 7|x|^o S *j^7| ^(electromagnetic radiations)* S^Sri 7|*R2i*B| 

S^?|uf# ^Ajspi ojsh a^| 7|x|^°| AH0 |^ gq( COV e r age area)«-Ho|| f|x|tt o|$ e«7|(mobHe terminal)S(with) S*t 
7|*4* ^dsm S#s^. *^°| ^7, 7 |* RS S^o S 0)# ch^7|<4 o|« a«7|s| 2#x r (calling party) Aho|e| tHI^^oj 
(seamless) *)IS*r7| *HH 7|xR aH#eH(BSCs)£r d^b) 7|xR a £#e| (Master Station Controllers; MSCs)* #§H SL 



°l° UBt«|S£ ¥ ?H2| ^*K= q)^ (band) Ml oil M MMS^. &t 850MHzfit 950MHz Aho|°| 0 |a|£t A|^gjs. -yj -g-E-j 

(cellular) A|A-iyo|| 5jg2)H °M.8GHz2 r 2.0GHz Aho|°| 0 |Bjfi 7H 2l# *£! a|^h (Personal Communication 

Systems, PCSs)o|| atSficf. «7| * *nK» q)^ S a j= ?W*t£ slr o|#s>M oh salmon* (total mobile applications)^ 7H °i 
•§ ■§■•£! MI^°-l3(Personal Communication networks, o|S|- 'PCN'a|- sJ*J-)o|| »§eIcK "tSI-nr Aj. 7 | oh^ej ^.e^ ch») g cHi^ 
SfM SE-^ H^o||Ai §2|3 r fe pcn Al^aoil SeJ- ^0|cK 

7|XRA| g^(area), SSI(range) S! 4J3|£(reliability)e S^££ 7|x|^ =^aj x|*Hnoise figure)** ^2 §gt£ 
^(effective isotropic radiated Power; o|o|- 'EIRP'ah ^)o|| a|e- a-|h|^ g^o|| ^|*l-EjcK ^a|| a^ej pcn y\x\^ o r ?|§| 

^(architecture)fe 0|^S «J-A|- ^£2;fc(radiating elements)^ £j-7| st^o| ^ A (. &a|g 

(separate) rilf ^Af ?S2if ^ mm cHa)|o|( V erical column array)* Aj-gai-cK oj-Eim 

^|A|fl|(support)0|| SJ^JAJ &0|| b||*|S|Jl, °t gcK)|| =H*|£h Oj-Ejm ZflAi a ^ ?_|.o| 7H& |i=. MOgl epi^ S LJ2 

HSfe * "lEiai HUE SicK 

^■s-S 8^a|?|7| ?|«H, efEim ^(receive antenna configuration)^ °jys|o£ g?i c(-o|tHA|E| (spatial diversity)* *IIS 

^7)1 0 |^s iSi Slrsr7^^ SEt as c r o|tHA|E| (polarization diversity)* fllg^E^ ^ ?H°| 2jz| Q§ 
(orthogonal polarization output)# I s Jsf^ &<U ^ (single orthogonally polarized column)S S»&c|-. 

g,^A^ =p-M &± ^ §^S£ x|x|ayo|| uH*IS a7|sjo^ ia Aj ^Afl (conductive members)o|H 3/4 n r 5,^r 1 =rS Aho|o|| ajg 
uH*l=|of SlcK ^Eim ^ a >t- ^J«2£ (transmission lines)# 3^§H 2^l(combiner)o|| ^iSM. 

3° ^« ^SH. ^ ^^Sjo^ 50 n|E(feet)s>r 200^1 S Afo|°| 7J ?)|o| S(cable)# #SH ZL2 r SH a^ig Jlfj^ # 

^7|(ground based high power amplifier)o|| 2|§H gg^IcK 7|a|^ l|)o|| #=7|* b(|x|sh^- ^-E- St)7|^°} o|-i-j Bf. ^ ^\ 
o|M(feed cable)S^Ei2| ^fiJ ^^(insertion loss)# ^^7| §7 r =l S^S §^7|7|- §^s r -b ^# a?°[cK 

^S* flSfl, 3&7| (n^S x\±o\E. §^7|(Low noise Amplifier; o|s|-'LNA'sf S)S A|^ H o||Ai*|a) «f§ 

SsHAi £££ (7|XR s*f lans§ ^*BH M^o\\MMm) Z! ^|o|## #§HAH ^Ei/xiiol^ §S7|(LNA) 
(combination)S HS&cy. ~B«\x\x\& S^a|?| 7 | flsH □riiB SSfS *\x[ S*l(electronics)7 r M^m 3^o|| ell 
001 #^7|(dual redundant amplifiers)7F a^^icK ^ajs. ^| S| ) i o\s\\o\ ^y\9\ g= ?1|o|#(a ao|o|| ctf 

#)of|Ai AH«f ^^(ohmic losses)o|| s|*H °s idol's #7 r fe *| ^o|^. #^7|o|| o|§H S^Elof Ai^ajoi S g a|4=# 2&7L 

A|7|feq| S°!o| get. 



*t7|o|| 7|^a Se(|2| ^aj gAj A|^gj (wireless communication systems)o|| At a^£ 7||^ 7|x| ^(individual base station)o)| q) 
sh Atb|^ g^o, g S# »^a|?|7| ?j°r 7)1 ^oj fl ^7h $7|«H »ct. ^7| s|| § d2&(tower) 

^M|7|o|| *f Mf2| c^g. LNA* u«*|«KH S^d=r ^?i*l* ?tfe ^S(^, ^lf7|* o hEfll4 §aoj | a^| 

LNA* SatfdK A} 7 | §fj-7| ^aj^ a.o|x| ^§ ^Ajg A|A,gj g§ o^Jjol ^letStCr 



SE 1^ SAp|^o| a, -A| a j= # ^|*(- Al^gjg §EH2| PCN 7|X|^2) |a £ 



5. 2fe & yge| £a|o||o|| ccf# °ijE|« ojEH4 a|^h 

£ 34 S ^?|2| S)|2 ^A|oj|o|| CCfB ^ElH CtEfM- #3£. 



S^l^ *|;fc«S|jl >JS|AH S Z^A|?|X| gtf! 7|X|^2) figJIf ^AJ fkA^^ 7|X|^S| AitJ |^ g « Hfl 

S! ajs|a^o| gtA} 0 | aqsgcf. o|^*i- gjs|£| 7|x|-^oi| m& §aj ahh|^ 232^ ^ 2icK 

ZWM. £PI S^S o|5 §d a|^^jji|. aa«fo) A r #ep| 7 \&s.\ (presently existing) £>E)|i_ r c||5f|Al «|e|m W o| 

aflo | o[Efli-Kactive phased array antenna)^ cn#s r ^. 5o|| °|sjj a££jc|. g. i*sj2| £A|o||o|| ccf# °!|e|m oia||o| °}E||i4 g 
e ^ -a!E|o|El OlSI-S 0|2)S 0|a||0|2| 2| ^Aj£4:0|| 7 r feShS y (^3#) *133 

#^7| (^i!§) *H inO|^ #^-7|# SS&CK ohEjm ^AH £ ^- §A(»o £ §g0|| u||*|Sc r cH°l-sj°s S|EH S! §1 

oie||o| ?^ £;t o| ^ag(subgroup)o|| ggfj ^ sm. 0|&1«h §i§ f§^o| x\z\S., c[gs\ 7|xj| (discussion") 

S^e) geijsH^ 2<o|c r . naflAi o|e|h ehE|| i_f ge ^ajs a^S 3^cH|, oiB||o| a|o|o|| s-o, n, lEm 5S 

S&ffCh 3$ S< ^Aj ? 2o)| CH*h o|jE|a A|^gjo| c^o|| ?JBf3|-7|| 7|#gc|.. 

=^3 t^soii cHsflAi. ?£2.±&i 7t®X\ *\ in0|s 5*7|« £ *| s r HiiL(maintaining) , a|^b ^o|z=fe L NA7 r 7|x|^2 r 
S)0i 2it ge g^|o||-u|s|| 4.5dB S£ nalJl LNA7 r P|Eim A|^g|°| n ^ E0 )|Ai d||a|h Sj-Efluf |g 

(passive antenna column)B r §H-s)cH 21^ §e y-iJo|| t)|*|| i.5cjb a^sicK 

oj-Eim A|^g|o||Aio| ° & tol ^(effective noise) &^e| u|#& S3 ?l|o|#a| 2*J-7|o|| a-\ °| £>J2| gj^opl mi-g-oii, 
aiEIH eJ-EflL-h A|^i|2| ^(receiving section)^ g-^oll, =g 5H|o|go|| s|s|| ^g( P ick up) iOl^fe Sa«o||fe §"^7|o)| 

2|«|| §^E|fe 5 0|| H|S« Sm SfeE r ^ SfOj^ ^ 5ic r . [[|£W, Sli! tO|S AH "-g. Ai7| 7|#a #a| A| 

^Harass 7|xRo|| 



^A|Sh?)|, S# ^S0|| CH*K>l, «U| ^a±:7 r S^Oll, X| S^7|fc 3^ #^7|7 r 7|X|^2| #f^S|fe #^o| g e ^ 

a)0|| b|«t| (SttS 33 #3|(power output)o|| q|«||) 4 .5dB §£ EIRP« f,^A|gic|. 

SM 0|yo| ^Aj c£- S# §^7|2| =S|0| ^DHS- 0|^0||S. & Xj S | o,^- q,^ s^ Sh£ s - o, 7 | m, So| | HHA | 

S #^7|°| s^( distributed nature )s. crsi. Aj £ |A|g S^Aigicf. ^n||7r a^£!°i a|^§j aj^# a^lfl^|a r S£ 

a^fe §^ 0| 7| (catastrophic) ac|-^ o|^.(graceful)7 r 2icK 

ei|E|H 3B||l4 A|^fy# A r #s r fe 3^ ^SoflAi, Ajs A||7|(signal power)7 r in0|^ Ai|7|(noise power)fiE r o^s] dBbH 37| bHSo|| 

S^IOfl 2|S|| #=SJ 5H|0|S°| tO|^^ °J?f# D|x|X| gf^CK Aj^o| go oijEi u o hE |m A|^g|o| Aj6| s 

^7Pr S^Eim =jL^a_ ±2 .[7\X\^ §^7|0|| ojSg g= ?|| o| £ A r 0|0|| «H*|E|7| OH ^0|| , 7| 5S| p CN 7 1 X| ^0|| AH 2| | 

HO\m °J«h Ajs; a||7|o| y^7 r a^sw S^cfir 5J0|C|- 



«H*ia S3 §^7|2| e|# §g§ AjsjA^s »^A|?|fe, «A||7|7h (reduced thermal density environment)o|| ah ss^c^ 

2J0|CK gAi|7|7 r ^9 S0| 7|§2| p CN 7|X|^0|| Af#E| H 23 #^7|2| §^o||A-|^aj 3§E| g^o|| 

S*i &ti=l^ ola||o|o||Ai ^Aj S;1; o|| a = g^o,] £<4=jc r ^ a^^s] %-W&c[. 

M±m icO|s ^(figure) EIRPo||Ai xji^o|^ §^7| c r ^o|| 3C)S3 o|So|| u||*IS ^^a4:(lossy 

element)2| *M tOj^oil, °i|E|M °>EflL.f A|^gjg y^p| 5|/SEfe A|=E|7 r ^ °|Eim ^^ a;£ .o| a,^ gso| | u|) 

*l« 4= Si^rfe ^&o| & ff^t #2j|0|| S ^2=15! SXIB. 0|B|tt 7fgj ^7|2 r ^|A} A| = E^ 2X^2| Qh0 |bH 

A|E|A|7|n( sharpin g) ^SSrfe(pointing) Sfei ^sj-^ ^= oi C |. 

g. ^?|o| q^ E | » o hE |m A|^g|S E r O|bHA|E| Sfe S» C r 0| A| E| # O)^ S|U|§ A|§S r ^ ^Aj A|^g)0|| A|#^ - oij, 

Ar4!4r A|#S C|0|tHA|E|£| ^i) ° SfAJs^l SgjijoIcK 3SiHS, «|E| « £^E|m§ ^Sfj g^sj £& H& C r O|tHA| 

E| -Aj a|^h (diversity receive system)o|| SHS&cK ci^o|, 9g cho|HA|E| ^aj A|^@|(polrization diverse receive system)o|| 
M. =r^J dlf(orthogonal polarization)-^ c|o|tHA|E| ^aj A|^g|g 1 e] /LNA MIH?J3 S! ^tJ-7|s ^ Stf°£ 



E #aH PCN 7|x|^ ^14 A r £SK=. A|^aS £A|S[cK S 1B PCS 2}Eflu| A|^gjfi. syj 7 | #0 || A|#sf^ q| 

ofloicf. nam, c^o|| 7|#s| *y#£H a|^^|o|| chsh ^|«f70 ^St^K -M^Ue S# 2>E)|u r Ai^ud)^ -aj c^q. a| 

^il(7)# aS&CK 3^ PiEliq Al^gJdJs. ^2)Aj AK)|| dHx|^l a^o| y-A| e^quf ^Aj a ^( 5 )a X|X|*fl(3)S S^SfH 7 ^ 

& ^S^a r 7^ S r ^°| ^Aj fl;t A|0|£| 7HE|fe ^ □ I E-| 7 1 SCK ojE|m A|^(1)S. 1 5 D|E^£ r /ODlEi 

A|0| § Ol^ 5Jo^ 2j 0 |7 r C r O| Bj A| £| S r fe- g= 7||0|«(31)3f S&7|(54)# gfA r oJEflUj ^Ajfi^fg) ^o,| 3lE|fe- # 

^7|/HB)# §>fe 7|x|^( 17 )o|| BH*I@ 233 §^7|(HPA, 13)fif 13(15)# 5>fecK £A|£j u^sf l>o| ?J ?)|0|M(31)S Sx|s| 



33 $#7|oi| 2|tH 332| 2/3dBS| ±*«tch ^3 g^i-l A|^gj( 7 )° x|jq*||(g)» s.W<*, ^7| x|x|x|(g) #o|| 

3# ^Efli-f A|^Uo||Ai2f as *|^(dimensions)S tJ*]Aj ^K)|| s-oj ^ o^uf ^Aja;fc(l 1 )7f uH*IS^ =^aj 0^14 a|^u 
(7)S » S£| §Ei(ig, 21 )g 5>i. HN(19)fe » #3p|(23, 25)o|| £S2|H a^| ^e^ 2 1)^ #2| #^7|(27 29)o|| <3§ 
gcf. ojEjuf ^£±(11)^ ^5) ©3(verical output)^ ©3(horizontal output)© H|g^£s ?flo|#(33)#~3 

w*W S3 S&7|(55, 56)© §^©KH zf I!&i(i9, 21)o|| g§£jc r . *JA|o)|o||Ai gjS c r o|bHA|E|© ^aj§ ^I^U (receiving 
system)o)| cj)sj| £A|s|5ax|oj, §iJ*j- 7|H) (discussion) 7 f g?i ^o|i*|a|e|# Af#s(-^- ^ajs. A|^gjo|| qs))A^ aflSScf o)|a|o| 
^«H, PCS 7|^|^# A r gsf7| Ha^ei ^AKpractice)^, ^Ei/LNA SSfllfe o^so|| 3Jo| £A|g Cr £a|=j 

*m eoi, ^^7|oi|Aio| ^aj^ a &7 is A r o|2i s^d a h&i/lna atai^ Ai^aai &# *|- # ?i±M9\^m 7|o} 

Shc+. 



S. 2fc S ^go|| c r g °i)E|H °}E)m s.a|&cK £. io|| £A|g a[s.[ g*o|. «M4 el-Eim ^ga^^ U ) S <=7 r ^« 

(35)o|| 5*H»c r fc J§ H|2|SfS oj-Ej] ,4 - E io| f4sf 2i ^aj °|sf ^E^19, 21)2 r 4r7| le^(19 21)^ 

#^7|(23. 25, 27, 29)2 r 3$ EhSJ HN(15)2 r S^7|(13)# Z*fe 3!Mcf, zf ^a(- ^a^fe "ehEm ^ah S 

^ 7 r 37f| ^§[£6 Zf &U r °hE||U r ^AHfi^fi. SjE-|£r #^7|© Z*feC r . 0|2JS, « «0)| CHSHAi 2+ 

L-h ^£^(5)- &bH7|(54)# §SH 7|x|^( 43 )o S i=. E i zj §^7|(39)S SS*f-fc 55 ?flo|*(4i)o|| £|«H zf etE|i4 
^(5)# V B] (37)£r#a|7| (39)0)1 339 3d© £ 20|| £A|£c r . ^aj « «o||a-|, z| o^|l.|. ^a^jn)- z| ^^ 0 | 2| 
ShEflL4 ?gSL±m &BU4S)2\ Si «S| #^7|(47. 49)# ^ £ 1o|| £A| S 3j||2c 7|) o| -xj g9 S3 (orthogonally 
polarized outputs)g ?>fecK #=7|(47, 49)2| S3 StJ-7|(55, 56)2f ^tf£)H z|zj 55 ?1|0|#(51, 53)S §^S(| 7|t:|^ 

2£ dSf cfo|tHA|E|# ^aj oi|A|o| awog ^. o|a)|a-|o|| £A|£jc|.. neju^ QijEja oi^m as. o|| qj*i- § 

^ii =PS.0{\ C||5l|Ai, #^7|2f 4r7| #=7|2h a-a^ ^EH2| §^0| lEj| 0 |S0|| ^Aj£)>m 1E^0| §S 0|S0|| ^S) 

^ ^t*l^ MS. «H ^ 2ic^ o|sna 5Jo|cK ^e^f §^7| o|So|| g^, A|^gj ga x|^o|| cfls- ^eh ^ajo, € 

tf(impact)^ aeji-h #^7|2| ^EH^ g^(high dynamic range)# -a^|H|cHo f t\°S. rt§ ^z|£l y-a 

S CHS ^2 Si ^^S(product)# SEHSr^l StU #^7|o|| 2|§H INS SiTH ^ 2i^K S^7|7^ M|s|(in-band)s| 
i!5 2|(out-of-band)2| dSt Ai|7HS(^£.s tt E^2| o|So|| dH*IH §•?■(£. 2o|| £a|hj U [9^ ^o|)o|| §Ej 

E^a(waveguides)ol|AH tfg ^fioj|s ^HS3 ^^(low power loss)S 7Wof fi-cK 



£ 3S S. 22| ^S2| ygoi|# £A|sKn, £ 30||AH 7 r ^ A| = EH(51)2h 7^ ii^7|(53)^ £ 22| §^7|2h §e-| °| zf 2S*fl2J 

nH*|ficK fl^sf cho|tHA|E|ofH£, -Msi j^jj n(j eh (t ra ffi c pa ttern)2r SBH(topography)7 r xflS-fioa ccfeH 

(beam)S S^££ 2H5^2(tilt) £J2| gE||s 37)1 S7|-A|a ^ 21 ch 37)| gJ2| Se||# S7(^a|?|h A^gg^ s^fs. a M 
ft£H(remote controller)© #8H A-|b|^ xfl^xKservice provider)o|| 2|8f) |»o ? xi|oll! =^ 5icK 



S ^S2| H| 2 *JA|0||fe 0|Q| 7|#=l ^^2| =^A| « fl|gSm £. ^O|o| XH)3 AJ A |o,|- 0 |O| 7|#^j ^S£| Q# « «o| # j|| 

sew. 



* ^S0| UHf5|e!- AJA|0)|0|| CflSHAHef 7|#E|ojX|o}, n0|| Ctf# afS. H1§01|2 r ffl§Of|fe Saxf0||7jfe gB!)S r 7|| 1! 30|C r Zl 

S^BSIfe ^7| Sgoi|2 r agoiis a ?fs r £s gEj|o| ^go||Ai 7 r ^s r a a ?fl «H*|=|£* 



e ffl-a-g °|Eq ^2| fif E!$l[St££, H|S)- d|S# §Z]8f2 ^2|# Zi^A|^ ^ o(cK 



^^2| °}E||U r ^.AH a ^ 2r , A} 7 | ^Aj fi:t Z|ZjO|| o|gs r 7)| UH*|^I §S;| ££^. ^Aj sa 7 | g SHCH£ s r 

^2| 7Ht §^7|, Si At 7 | §^7| Zjztoil 7H'S S^7|/^u||7|4l S^Srfe «I|E|M ehEfli-W; 

7|X|^0|| av 7 | gjEja o^mg ggsfe 5H|0|ft 



H1 1 SOU ojCiAH, 

^7 1 §^7| z+zjoii ?hi m^\m ^7fs £ssit 2>Eim ai^h. 



S?»3 

H1 1 Soil 2JCHAH, 

^7hS £lrSf2, 

A^7| ofE||u r ^ fi4 . £ f A} 7 | 2| s^7|i=- At 7 | xjxlsfl ak»| bHx|£|-fe- ofEjj A|^gJ. 



S?»4 

«I2«WI 9io\M, 

x\x\ jfl# *7^ £{f*[2, 

Ap| o hE) m ^^flrt, #7| 2| #^7| 5=1 *p| Z| fE^ At 7 | X| X| ^| &0(| bH*|E|fe ehEfluJ A^g). 

Si ^5 

«01»o|| Slow, 

At?) s^o| o|ej|i_j ^£4i£| age e>Eim a|^hs s^s^i ^7 1 a^s| 0^14 ?ga.±s\ n\2 age ti!§ 21 
flUSWI Slow, 

aj 7 | s^o| o^m ^^art°| *I|1 afg °>Eim A|^gjg 5ES*U #7| *^2| °I-E||u|. ^fi^oj *)| 2 afg =i=t!§ 21 

Ai^gjg. s^sf^ 2iEim a|^h. 

&7| e^Efluf Al^a^f £i7| ^§ °}Eim Al^gj = ajo|S r4o|tH A lE| gE||(a different type of diversity)-!- 2A|sfe- 2}E|| 

"4 A|A.g|. 

n 6S011 siojAj, 

AJ-71 elEflL-f Al^gjJlf At 7 | ^A|S. ofE|m A|^ijS A} 0 |Sh ChO|tHA|E| gE(|# ffA|Sfc °H=||l4 A|^gj. 

2|E||^ Ai^g^ ^7 1 =^Ajg ot-Eim *l^a€- S?i ^ r o|tHA|E| (spatial diversity)^ SA|a^ 0^14 A|^g|. 

*P| 2}E|| q A|^g)oi|. &7| oJ-Efluf Al^egs. g?J. c|-0| t*| A| E.| # SA|o|-fe °hE||L|. A|>.fy. 

ah 5«wi aicHAi, 

&7| 2}E|m A|^g|2|. A} 7 | =-A|fi. otE|m A|iH§ =1 If ChO|tHA|Ej# XA|©|.£. °J-E|| 14 A|^g|. 

£p| SJ-Eim A|^g|2h &7| =^A|g oj-Eim A|^g|g. 3£t C(.0|^A|E|# 2A|^±=. 0^14 Al^g. 

fl|3&o|| Sio|Ai, 

&7| 2| #^7|0|| -a}7| X|7C|*H| A^0|| U|{*|lj 7^ &±|7|a r 7hg A|ne S | S g sjcH^ sm§ *7h£ SSSft 2J"E|| 

4 A|^g). 

3 ^14 

Ai|4tfo)| 5icHAi, 

&7| 2\ §=7|CH| ^85)11 ^71 A|X|xi| &0|| u||*l€! 7^ ^7|2f 7 r 3 A|ne s| S g ^CH£ sWf ^7 r S 5lf*rt 2fE|| 

L-h A|A.^| 

All 6&o)| Xi<HAi, 

A^7| 2| §^7|0)| ^SSJ21 ^7| A^o)| u(|*|^ 7^ a ;i: |7|af 7^ A|HS § 5J0i£E SWt *7^ If}S|c 2}E)| 



M- A-l^g. 

At 7 | 2i §£|7|0|| ^aH|H Ap| X|X|xfl go|| b||*|£ 7^ y*p|Sf 7 ^g ^At A | n e * 7 ^ ^EflL-h A|^gj. 

*)l4thoi| stiolAi, 

Ap| ^ #^7|0|| o42S|Zl £p| X| A| z|| ah>|| b||*|=l &±p|2f 7|£ A| = H ^7|£ St^fe °HN|i4 A|^g|. 

*i|6tfo|| 51(HA1. 

Ap| Z| #^7|0|| ^g^H A}7| X|X|Sfl Atoll UH*ia 7|S a^|7|fij 7^ i?|AJ A |»e S | £ f * 7 |. S £&tS|^ L-|. A|A.gj. 
*I|8S!-o|| SHOW, 

At 7 | 2| #ip|0|| ^gSjH Ap| x|X|*|| AK)j| b||*|=j 7|94 2hfc|7|2f 7^ a| = E £| Sg * 7 | S S^SHr °[E|| L-| A|^fd|. 



*ll10tM| 5icHAi, 

At 7 | §#7|o|| ^§s| Jl £p| x|x|*|| a^oii h||*|£! 7hS ^Ap|£|- 7 ^ o|At A | e. E. S\: 



S*M5H=- °^E||u| AI^U. 



^1112^011 91<HM, 

At 7 | Z| =S 7 |o|| ^§E|H At 7 | x\X\M\ AK)|| b||*|£| 7|g ^Ap|S|. 7|-ffl ^4t a|hs S|S§ ^7|£ SlhSl-fe 2J-E||i-f A|a.e 
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